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Using predation rates to assess the function of restored Spartina alterniflora marshes
Christelle Exile, *LaTina Steele, Jo-Marie Kasinak, and Jennifer Mattei
Department of Biology, Sacred Heart University, Fairfield CT
*Faculty Mentor

*

Objectives:
1. Compare survival rates of two introduced species common in Connecticut salt marshes (Eastern mud snail
Ilyanassa obsoleta and Asian shore crab Hemigrapsus sanguineus) in vegetated and unvegetated areas
within four naturally occurring and two restored marsh areas.
2. Measure Spartina alterniflora stem height and density within the same four naturally occurring and two
restored marsh areas.

Tethering Experiments
Mud snail Ilyanassa obsoleta (n=10 per location) and Asian shore crab
Hemigrapsus sanguineus (n=8 per location, Fig. 2) tethers were deployed in low
marsh and mud locations in the two reference marshes (Fig. 3) and within each
marsh area, plus unvegetated mud areas in Stratford. Snail survival was assessed
after 10 days; crab survival was assessed after 48 hours.
Spartina alterniflora Surveys
In each reference marsh and in the two restored areas in Stratford, we ran two 60m transects parallel to the shore and counted the number of stems within ten
randomly placed 0.25 m2 quadrats along each transect. We also measured the
height of the five tallest shoots within each quadrat and calculated the mean stem
height. Since the remnant and recolonizing marshes in Stratford are narrower than
the other marsh areas, we ran one 20-m transect in those locations and collected
data from ten evenly spaced 0.25 m2 quadrats as described above.
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Figure 6. Mean Spartina alterniflora stem height (cm + SD) in six restored (2015 and
2017 plantings) or natural marshes (all other marshes) along the Connecticut coast
(ANOVA: F5, 109 = 134.9, p < 0.001). Different letters over the bars indicate a significant
difference in between those locations. Stem height did not differ significantly among
transects, so quadrats were treated as replicates for analysis.
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Figure 5. Percent survival of Asian shore crabs (Hemigrapsus sanguineus) tethered in
mud and marsh areas in six locations along the Connecticut coast with either restored
(2015 and 2017 plantings) or natural marshes (all other marshes). Crab survival did not
differ significantly across sites (X2 = 7.706, p = 0.260). Asterisk over the bars indicates
that Chi-square analysis with Bonferroni correction detected a significant difference in
survival between mud and marsh locations at that site.

Methods
Study Locations
1. Two reference marshes: Chaffinch Island Park (Guilford, CT) and Milford Point
(Milford, CT)
2. Four non-overlapping locations within Stratford Point, CT, where an existing S.
alterniflora marsh was removed for lead remediation in 2000, and Reef Balls
were installed to abate waves and facilitate marsh restoration in 2014 and 2016
(Fig. 1):
• Remnant marsh (not removed during the 2000 remediation)
• Recolonizing marsh (area where S. alterniflora has regrown without
intervention)
• Restored marsh planted in 2014 and augmented in 2015
• Restored marsh planted in April 2017 (adjacent to the 2015 planting
area)

Milford

Figure 4. Percent survival of mud snails (Ilyanassa obsoleta) tethered in mud and
marsh areas in six locations along the Connecticut coast with either restored (2015
and 2017 plantings) or natural marshes (all other marshes). Snail survival differed
significantly among sites (X2 = 23.81, p <0.001). Asterisk over the bars indicates that
Chi-square analysis with Bonferroni correction detected a significant difference in
survival between mud and marsh locations at that site.
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A multitude of anthropogenic activities over the last two centuries have dramatically altered salt marsh ecosystem
function1. Increasingly, conservationists and managers recognize that salt marshes deliver critical ecosystem
services and that many areas are experiencing high rates of marsh loss. Thus, a variety of techniques including
revegetation, sill construction, dike breach, and creek creation have been employed to restore salt marshes over
the past several decades2. Biodiversity surveys and measures of vegetation recovery are often employed to
evaluate marsh restoration success2. Even though such static measures provide valuable information that allow
inferences regarding processes that affect marsh function, they cannot directly assess the interspecific
interactions that are a critical component of many of the ecosystem services that marshes offer (e.g., .nursery
habitat, foraging grounds for ecologically and economically important species). Here, we explored the use of
predation rates to evaluate interspecific interactions that may affect restored marsh function.
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The worldwide decline of salt marshes has resulted in the loss of critical ecosystem services. Coastal resilience efforts seek to
mitigate marsh loss by restoring these coastal wetlands. It is often unclear whether restored marshes perform equivalent functions as
natural marshes. To determine if trophic interactions differ in restored and natural marshes, field tethering experiments were
executed in restored and natural Spartina alterniflora marshes along the Connecticut coastline in June and July 2017. Mud snails
and Asian shore crabs were tethered within six locations: 1) a restored marsh planted in 2015 at Stratford Point, 2) an adjacent
restored marsh planted in April 2017 at Stratford Point, 3) a natural remnant marsh at Stratford Point, 4) a recolonizing marsh at
Stratford Point, 5) a natural marsh situated at Milford Point, across the Housatonic River from the Stratford Point restoration site, and
6) a natural marsh in Guilford. The number of prey consumed in each location for the Snail survival was assessed after 10 days; crab
survival was assessed after 48 hours, and Chi- square test was employed to determine if consumption differs across locations. We
also measured the Spartina alterniflora densities and stem height at each of the locations. The snails survived well in both restored
marshes in Stratford where Spartina densities were low. Crab survival was highest in Guilford where Spartina densities were highest.
Our results suggest that marshes with taller but less dense vegetation than is present in our restored marshes are better foraging
grounds for species that feed on small crabs.
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Figure 7. Mean number of Spartina alterniflora stems per 0.25 m2 quadrat (+ SD) in six
restored (2015 and 2017 plantings) or natural marshes (all other marshes) along the
Connecticut coast (ANOVA: F5, 124 = 34.2, p < 0.001). Different letters over the bars
indicate a significant difference in between those locations. Stem density did not differ
significantly among transects, so quadrats were treated as replicates for analysis.

Conclusions
Fig. 1. Restored marsh
at Stratford, CT.

Snail and Crab Survival
Unsurprisingly, mud snail survival was generally higher in mud areas than in marsh areas (Fig. 4). Snails survived very well in mud and in both restored
marsh areas in Stratford (Fig. 4), possibly because this area is only sparsely covered by small S. alterniflora stems (Figs. 6 & 7). We observed less
macroalgae in the most dense marsh areas than in habitats that we classified as mud. Since mud snails were often found under a layer of Ulva sp. (Fig. 3),
their survival may be negatively affected by the absence of such macroalgae. Areas with dense and/or tall S. alterniflora seemed to provide a refuge from
crab predators, although the trend was not clear (Figs. 5-7). Asian shore crabs often take refuge under rocks, so the high crab survival rates observed in the
most recently planted restored marsh (Fig. 5) are probably more related to the high abundance of small-medium rocks in that area (Fig. 1) than to the low S.
alterniflora density in the newest planting zone (Fig. 7).
Overall Restoration Trajectory

Fig. 2. Tethered Asian
shore crab.

Our reference marshes displayed a negative correlation between S. alterniflora stem height and density (Figs. 6 & 7) that translated into differences in snail
and crab survival (Figs. 4 & 5). Marshes with taller, but less dense, vegetation (e.g., Milford) may provide better foraging grounds for commercially important
species that feed on small crabs (e.g., flounder). The restored marsh area planted in 2014/2015 has achieved similar stem heights to the remnant marsh at
the site (Fig. 6). Over time, these shoots may reach a height-density equilibrium similar to that in Milford, since the naturally recolonizing area in Stratford
has S. alterniflora stems that are nearly as tall as those in Milford (Fig. 6). Predation rates should be reassessed as the restored marsh matures to evaluate
its use as a foraging ground.
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